Background: Transorbital sonography (TOS) has emerged as a promising assessment tool of the optic nerve and orbital arterial supply in multiple sclerosis (MS) patients. Objective: To evaluate optic nerve diameter (OND), optic nerve sheath diameter (ONSD), and orbital hemodynamics using TOS in MS patients. Methods: Forty MS patients and 28 matched healthy controls were included. Thirty-three eyes with previous optic neuritis (ON) and 47 eyes without previous ON of MS patients were examined. All subjects were submitted to assessment of OND, ONSD, and parameters of orbital hemodynamics using orbital ultrasound. Results: OND and ONSD were smaller in MS eyes with previous ON than in controls. MS eyes with and without previous ON had statistically significant higher peak systolic and mean velocity of posterior ciliary arteries than the control eyes. Orbital blood flow velocities were negatively correlated with the duration of disease and Expanded Disability Status Scale (EDSS). A statistically significant decrease in blood flow velocities of the central retinal artery was detected in secondary progressive MS (SPMS) patients than in relapsing-remitting MS patients (RRMS). Conclusion: TOS can be used as a feasible tool to detect optic atrophy in MS patients. MS patients may have abnormal retrobulbar hemodynamics compared to healthy controls.
Introduction
Optic neuritis (ON) is an immune-mediated acute inflammatory disorder of the optic nerve and represents a common initial manifestation of multiple sclerosis (MS) [1] . The optic nerve is most commonly assessed by ophthalmoscopy and magnetic resonance imaging (MRI), but recently, ultrasound has emerged as a promising additional assessment tool. Being filled with aqueous fluid, the eye is well appropriate for ultrasound imaging. The role of optic nerve ultrasound in the detection of increased ICP has been widely investigated in brain injuries, intracranial hemorrhage, hydrocephalus, brain tumors, and idiopathic intracranial hypertension. However, few studies evaluated its use to detect optic nerve changes in multiple sclerosis patients [2] .
Color Doppler imaging (CDI) is a non-invasive imaging method that provides information about changes in the hemodynamics of orbital vessels in various disorders, such as MS, Behcet's syndrome, arterial hypertension, glaucoma, and uveitis [3] .
The aim of this work is to evaluate optic nerve diameter (OND) and optic nerve diameter sheath (ONSD) and parameters of orbital hemodynamics using orbital ultrasound in eyes with previous optic neuritis, to compare these values with healthy control eyes and eyes without previous optic neuritis in MS patients, and also to correlate these values with the disease duration and disability.
Materials and methods
In this case-control study, 40 patients with clinically definite MS were recruited from Kasr Al Ainy Multiple Sclerosis Unit (KAMSU), Cairo University, between November 2015 and February 2017 according to the revised McDonald's criteria 2017 [4] . The aim and procedures of the study were explained to every participant, and an informed consent was obtained before being enrolled in the study.
The patients were divided into two groups: The patient group (A) included 40 MS patients with a total number of 80 eyes, whereas the control group (B) included 28 healthy subjects matched in age and gender to MS patients with a total number of 56 healthy control eyes. All patients were submitted to the following: general, ophthalmological, and neurological evaluation; assessment of disability using the Expanded Disability Status Scale (EDSS); magnetic resonance imaging (MRI) of the brain (1.5 T IGC F2000 Magnet 2016 USA Phillips Intera® scanner); pattern-reversal visual evoked potentials (P-VEP) (Neuropack M1 MEB-9200); transorbital sonography (TOS); and color Doppler imaging using Philips IU22 with software version 2.0.13 USA 2012 with linear transducer probe L 9-3; ONSD and OND were assessed 3 mm behind the papilla; and the ophthalmic artery (OA) was examined approximately 30-35 mm behind the globe. Posterior ciliary arteries (PCAs) were examined temporal to the optic nerve approximately within 5 mm behind the globe, and the results were averaged. The central retinal artery (CRA) is examined within 5 mm of the retrolaminar portion of the optic nerve [5] .
Statistical analysis
The collected data were coded, tabulated, and statistically analyzed using IBM SPSS statistics (Statistical Package for Social Sciences) software version 22.0, IBM Corp. Descriptive statistics were done for quantitative parametric data as mean ± SD and for qualitative data as number and percentage. Inferential analyses were done for quantitative variables using independent t test in cases of two independent groups with parametric data and paired t test in cases of two dependent groups with parametric data and ANOVA test for more than two independent groups with parametric data; then, post hoc test was used for pair-wise comparison based on Kruskal-Wallis distribution. Inferential analyses for qualitative data were done using the chi-square test for differences between proportions and Fisher exact test for variables with small expected numbers. Correlations between quantitative variables were done using Spearman correlation coefficient. A multi-variate linear regression model was used. The level of significance was considered as follows: ρ value < 0.05 is significant, and ρ value ≥ 0.05 is non-significant.
Results

Demographic and clinical data
The mean age of MS patients was 33.75 ± 9.43 years while the mean age of controls was 33.25 ± 6.12 years; out of 40 patients with MS, 17 patients (42.5%) were males and 23 patients (57.5%) were females, while in the control group, 11 subjects (39.3%) were males and 17 subjects (60.7%) were females.
The age of onset of the disease ranged from 12 to 43 years with a mean age of onset 25.53 ± 8.67 years. The duration of the disease ranged from 1 to 27 years with a mean 8.25 ± 6.59 years. The duration since optic neuritis attack in patients with previous ON ranged from 1 to 15 years with mean 4.3 ± 3.36 years.
EDSS of patients ranged from 1.5 to 7 with a mean EDSS of 4.11 ± 1.89.
Among the 40 MS patients, 12 patients (30.0%) were diagnosed to have secondary progressive MS (SPMS) while 28 patients (70.0%) were diagnosed to have relapsing-remitting MS (RRMS).
Frequency of ON
Twenty-one MS patients had previous ON at least 3 months before the examination. Of these patients, 3 patients had ON in the right eye, 6 patients had ON in the left eye, and 12 patients had ON in both eyes, with a total number of 33 affected eyes. Nineteen MS patients had no previous ON with a total number of 47 unaffected eyes included in the study.
Comparative results
Eyes of MS patients had significant lower OND and ONSD than control eyes (p value = 0.032, 0.023) respectively. Moreover, there was a statistically significant difference in OND and ONSD between the MS eyes with previous ON, MS eyes without previous ON, and healthy control eyes (p value = 0.029, 0.019) respectively. By post hoc analysis, there was a statistically significant decrease in OND and ONSD in the group of MS eyes with previous ON than the control group (p value 0.024, 0.015) respectively. However, no statistically significant difference in OND and ONSD between MS eyes with previous ON and MS eyes without previous ON (p value = 0.33, 0.64) respectively. Also, no statistically significant difference was found between MS eyes without previous optic neuritis and control eyes in both OND and ONSD (p value = 0.74, 0.648) respectively.
Regarding assessment of orbital hemodynamics in the studied groups using color Doppler imaging, there was a statistically significant difference in peak systolic velocity (PSV), mean velocity (MV), and end-diastolic velocity (EDV) of the posterior ciliary artery (PCA) between MS eyes with, without previous ON, and healthy controls (p value = 0.002, 0.002, and 0.022) respectively. By post hoc analysis, MS eyes with and without previous ON had statistically significant higher PSV and MV of PCA than healthy controls (p value < 0.05) (Fig. 1) . Moreover, MS eyes without previous ON had a statistically significant higher EDV than the control group (p value = 0.018). However, there was no statistically significant difference between MS eyes with and without previous ON and the control group in PSV, MV, EDV, RI (resistivity index), and PI (pulsatility index) of the central retinal artery( CRA) and ophthalmic artery (OA). There was a statistically significant decrease in PSV, EDV, and MV of CRA in SPMS patients compared to RRMS patients. However, there was no statistically significant difference between RRMS eyes and SPMS eyes in PSV, MV, EDV, RI, and PI of the ophthalmic and posterior ciliary arteries.
Correlations between ultrasound findings and clinical data in MS eyes with previous optic neuritis
Central retinal artery PSV was negatively correlated with both EDSS and duration of disease (p = 0.01, r = 0.044; p = 0.009, r = 0.44) respectively (Fig. 2) . Ophthalmic artery PSV and MV were also negatively correlated with the duration of the disease (p = 0.01, r = − 0.044; p = 0.014, r = 0.42) respectively (Fig. 3) . However, no correlation was found between OND and ONSD with the age of onset of the disease, duration of the disease, or EDSS of the patients.
The multivariate linear regression analysis was used to detect the predictors for PSV of CRA in MS eyes with previous optic neuritis. The duration of the disease and disease severity assessed by EDSS were used as independent predictors in the model. We found that the only predictor for PSV of CRA was EDSS (beta = − 0.41, p value = 0.018).
Discussion
In this study, the optic nerve was examined in 40 MS patients using TOS. We assessed also the arterial supply of optic nerve using color Doppler imaging.
The current study revealed that MS patients had smaller OND and ONSD than healthy controls. Moreover, MS eyes with previous ON had smaller OND and ONSD than eyes of healthy controls. However, we could not find a statistically significant difference in OND and ONSD between MS eyes without previous ON and eyes of healthy controls. This was in accordance with Carraro and colleagues [6] . Similar to Candeliere Merlicco and colleagues [7] , we did not find statistically significant difference in OND between patients with and without previous optic neuritis. They believed that sample size might have been insufficient to reach significance and some MS patients without history of ON could have had a silent ON.
We found no statistically significant difference in OND and ONSD between RRMS and SPMS. Also, no correlation exists between OND or ONSD and the duration of the disease or EDSS. This finding was supported by results of previous studies that found that retinal nerve fiber layer (RNFL) and macular thicknesses were not statistically reduced over time [8] . On the contrary, De Masi and colleagues [9] found a negative correlation between ONSD and EDSS but not disease duration, whereas Candeliere Merlicco and colleagues [7] found a negative correlation between OND and both duration of the disease and EDSS. The dissimilarity of results can be attributed to different sample size and clinical characters (type of MS, duration of the disease, and EDSS). Vascular changes have also been described as occurring more often in MS patients [10] particularly in the eye [11] . The inflammation also involves vascular and perivascular tissue and thereby influences brain perfusion [12] . 
We found that MS eyes with and without ON had higher blood flow velocities of PCAs than control eyes. This may be attributed to increased levels of endothelin-1 (ET1) which might have resulted in vasospasm and vascular dysregulation [13] . This was supported by previous studies that demonstrated increased ET-1 level in CSF and blood of MS patients [14] . However, we did not find a statistically significant difference between MS eyes with and without ON and control eyes in hemodynamics of OA and CRA. This goes in accordance with Carraro and colleagues [6] who did not find any significant difference in any of the blood velocities, RI or PI of OA and CRA between healthy controls eyes, MS affected eyes, and MS unaffected eyes. Pache and colleagues [13] examined hemodynamics of retrobulbar arteries in 30 MS patients. They found a significant reduction in the PSV and EDV of the OA, PCAs, and CRA in MS patients compared with healthy controls. They found no significant differences of blood flow velocities between patients with and without a history of ON. Modrzejewska and colleagues [15] reported statistically significant diminishing blood flow velocity parameters in the orbital arteries of 16 patients with previous ON. They found diminished MV in OA; PSV, MV, RI in CRA; and PSV, EDV, MV and RI in PCA in affected eyes. Akcam and colleagues [16] found no difference in blood flow velocity and mean resistivity index parameters of OA, CRA, and PCA arteries between MS patients with and without a history of optic neuritis and healthy control. This discrepancy may be explained in part by different sample size and diverse clinical characteristics (EDSS, course, and duration of the disease), the cause of ON, and the amount of time elapsed between the acute attack and examination.
The present work revealed that patients with SPMS had diminished blood flow velocities in CRA than patients with RRMS. This may be explained by increased axonal loss in SPMS and the hypothesis that an optic nerve that is compromised by axonal loss has a lower demand for blood supply. To the best of our knowledge, this is a pioneer study comparing hemodynamics of retrobulbar vessels between RRMS and SPMS.
Moreover, we found a negative correlation between orbital hemodynamics and EDSS and duration of disease. This may be explained by increased axonal loss associated with increased EDSS and prolonged disease duration and consequently decreased metabolic demands of the optic nerve. Furthermore, we found that EDSS may be used as a predictor for PSV of CRA.
Conclusion
From all previous results, it could be concluded that TOS could be used as a feasible tool to detect optic atrophy in MS patients with previous optic neuritis. Moreover, this study suggests that MS patients have abnormal retrobulbar hemodynamics compared to normal subjects. This indicates vascular dysregulation in MS. Further studies are needed to clarify the role of the retrobulbar hemodynamics in the pathogenesis of MS and to determine whether the impaired retrobulbar hemodynamics is a primary issue and a predictor of underlying neurodegeneration in MS. 
